We present high-resolution, near-infrared NIRSPEC observations of the fundamental rovibrational CO and H + 3 R(1,0), R(1,1) u , and Q(1,0) transitions toward three early-type young stars: MWC 1080, MWC 349, and LkHα 101. These observations were performed for the purpose of constraining the physical characteristics of the interstellar material along each line of sight. Toward MWC 1080, we detected strong CO absorption and determined a column density upper limit of 1.4 × 10 14 cm −2 for H + 3 . We infer that there is very little diffuse material along the line of sight toward MWC 1080 and that the CO absorption is consistent with an origin in the dispersing natal cloud. We detected both cold CO and H + 3 toward MWC 349, consistent with a diffuse cloud origin. Similarly, both CO and H + 3 were detected toward LkHα 101. Using a recently revised value for the cosmic ray ionization rate, we conclude that the CO absorption is consistent with a dense cloud origin while the H + 3 could originate in either the dense or diffuse interstellar medium. We also find no evidence for CO fractionation toward LkHα 101 as reported by Goto et al.
INTRODUCTION
In both dense and diffuse regions of the interstellar medium (ISM), CO is a common and easily observable molecule. H 2 is the most abundant molecule in the ISM but is difficult to observe because it is a homonuclear molecule and therefore has no dipole-allowed transitions. Thus, direct detection requires using the very weak quadrupolar transitions. It has been found that generally CO/H 2 ∼ 1.5 × 10 −4 in dense clouds (Lee et al. 1996) and ∼10 −5 -10 −7 in diffuse clouds (Sheffer et al. 2008 ), making it useful as a diagnostic for H 2 . Since the hydrogen column density can be estimated from the extinction (Mathis 1990) , knowing the CO column densities and extinctions along the lines of sight to objects can assist in interpreting the nature of the interstellar material toward a background object like an early-type star. H + 3 is a molecule of fundamental importance to ion-molecule chemistry in the ISM. It has been observed in both the diffuse and dense ISM (McCall et al. 1998 (McCall et al. , 2002 Geballe et al. 1999) . It is formed by cosmic ray ionization of H 2 into H + 2 , which then reacts rapidly with H 2 via the reaction H is dominated by reactions with CO, while in diffuse clouds electron recombination dominates the destruction. This relative simplicity in the formation and destruction mechanisms means that the abundance of H + 3 can be used, in principle, to derive physical characteristics of the environments in which it is found, though this may be complicated by uncertainties in the H 2 ionization rate and the abundances of other species that, to a lesser extent, may contribute to the destruction of H + 3 (Herbst 2000) .
In this paper, we infer the nature and location of the interstellar material using high-resolution near-infrared H + 3 and CO absorption spectroscopy toward three objects: MWC 1080, MWC 349, and LkHα 101. These are all young, early-type stars that have rich emission line spectra and enough interstellar material to provide several magnitudes of visual extinction. In particular, we revisit the LkHα 101 results of Brittain et al. (2004) in which the analysis of three lines of H + 3 in absorption led to the conclusion that the amount of diffuse material along the line of sight was insufficient to account for the observed H + 3 column density. The recent work by Indriolo et al. (2007) implies a substantially higher cosmic ray ionization rate than assumed in earlier work, and we address whether this alters our earlier conclusions. Our observations and data reduction are discussed in Section 2, our analysis in Section 3. We discuss our results and interpretations in Section 4.
OBSERVATIONS AND DATA REDUCTION
The data presented herein were obtained with the highdispersion, cross-dispersed, cryogenic echelle spectrometer NIRSPEC at the 10 m W. M. Keck Observatory on Mauna Kea, Hawaii (McLean et al. 1998) . NIRSPEC has a 1024×1024 pixel InSb array detector that covers the 1-5.5 μm spectral region. A spectral resolving power of ∼25,000 was obtained using the three-pixel (0. 43) slit. Absorption spectra of the fundamental branch of 12 CO and 13 CO in the M band were obtained for MWC 1080, MWC 349, and LkHα 101. In addition, we targeted the Q(1,0), R(1,0), and R(1,1) u transitions of H + 3 via two KL band settings toward the same three stars. The complete set of observations is summarized in Table 1 .
All data were reduced using standard techniques, the details of which can be found in DiSanti et al. (2001) and Brittain et al. (2003) . The infrared spectral region is dominated by telluric lines. To account for variations in atmospheric transmittance, we generated telluric models using the Spectral Synthesis Program (SSP; Kunde & Maguire 1974) , which accesses the updated HITRAN 2004 database (Rothman et al. 2005) . The telluric models were used for wavelength calibration and to determine column burdens for absorbing species in the atmosphere. The object spectrum is the residual difference between the extracted spectrum and the scaled telluric model (shown above the spectra in Figures 1-6 ). The KL settings exhibited a significant fringe, which we removed by deleting frequency spikes from the Fourier transform as described by Brittain et al. (2004) .
ANALYSIS
Even with the resolving power of NIRSPEC (12 km s −1 ), the narrow absorption features in our sources are unresolved. To determine the level populations of the CO from the combined, ratioed, and normalized spectra, we measured the equivalent width, W∼ ν , of each spectral line. We used two methods: (1) directly integrating over the line or (2) fitting a Gaussian to the line and calculating the integrated area. When possible, both measurements were performed to assess the validity of the computed uncertainties. Both methods gave comparable results for the integrated intensities. The uncertainty is given by the standard deviation of the continuum in the region surrounding the line position and is usually dominated by the quality of the telluric model fit.
CO Analysis
The sources presented in this work all exhibit fundamental 12 CO absorption lines. For an unsaturated CO line, the equivalent width (in cm −1 ) is related to the column density in the lower state of the transition via
In this equation, f denotes the absorption oscillator strength of the line, calculated from the tables in Goorvitch & Chackerian (1994) . However, CO fundamental lines are usually optically thick. To correct the equivalent width for optical depth effects, we employed a curve-of-growth analysis (Spitzer 1978) . In this case, the equivalent width is related to the optical depth as
and Φ( ∼ ν) is the line shape function. If we assume the line is thermally broadened so that it follows a Maxwell-Boltzmann distribution, then
The intrinsic line width is given by b (= σ rms /1.665, where σ rms is the rms line width). Since our absorption lines are not resolved and we cannot measure b directly, we infer its value by considering the R and P branches separately. For example, the R1 and P1 lines probe the same energy level and should result in column densities that agree. Since they have different oscillator strengths, the line width can be adjusted until the level populations agree using
We expect the low-J transitions to be thermalized when the CO is located in a circumstellar disk or dense interstellar cloud. In cases where CO absorption originates in diffuse material, the transitions may not be thermalized. This is the situation for MWC 349 (Section 4.2).
The ratioed residuals (corrected for transmittance) for MWC 1080, MWC 349, and LkHα 101 were fit with a model created from the relative CO rotational level populations (see Section 4). Rather than assuming that the CO rotation levels are thermalized, we calculated the population of the rotational levels of CO explicitly, following Warin et al. (1996) . We assumed that the molecules were excited by a combination of collisional excitation and radiative pumping by the cosmic microwave background. For this calculation, only collisions with atomic hydrogen and H 2 were used, as they are the dominant collision partners. We adopted a ratio of H/H 2 = 0.5, though we note that varying H/H 2 between 0.1 and 1.0 only affects the final density by ∼10%. When the model reaches a high density, the population approaches an LTE distribution. The collision rates were provided by the LAMDA online database, which uses rates from Wernli et al. (2006) and Flower & Pineau des Forêts (2001) . The free parameters in the model are the column density of CO, the local hydrogen density, and the kinetic temperature of the collision partner(s). A suite of synthetic spectra was created with the three free parameters, and a chi-squared minimization of the model compared to the data was used to determine the best-fitting parameters. Our measured CO lines are presented 
H + 3
Analysis H + 3 has been studied in the laboratory since its initial laboratory detection (Oka 1980) . A comprehensive line list is available in Lindsay & McCall (2001) . With the advent of sensitive echelle spectrometers operating at infrared wavelengths, H + 3 has now been detected toward many lines of sight and in a variety of interstellar environments from diffuse clouds to dense regions of star formation, with a fractional abundance of N(H
−8 (e.g., Geballe et al. 1999; McCall et al. 2002 ). The analysis is as follows. The column density for each transition of H + 3 was calculated using
, where ∼ ν is the wavenumber and μ is the dipole moment of the transition (Lindsay & McCall 2001) . The measured equivalent widths and resulting column densities of H + 3 are given for each of the three stars in Table 5 . At temperatures less than a few hundred Kelvin, only the (1,0) and (1,1) u levels are populated. Since the Q(1,0) and R(1,0) transitions probe the same lower state and should result in the same column density, the total H + 3 column density can be found by summing the contributions from the (J = 1, K = 1) and (J = 1, K = 0) states.
The R(1,0) and R(1,1) u lines probe the ortho and para spin states, respectively, so we can in principle also calculate the excitation temperature of the gas from our data using
assuming that the gas is thermalized via either thermal collisions and H 2 along several lines of sight and found the H 2 temperature, T H , (typically about 60 K) to be consistently higher than that for H + 3 (∼30 K). We note that this is also consistent with the H 2 rotational temperature (77 ± 17 K) found in interstellar clouds with strong self-shielding by Savage et al. (1977) . The reason for this discrepancy is not understood.
The production of H + 3 in a diffuse cloud is determined by the cosmic ray ionization rate (ζ 2 ) and its destruction is determined by the e − recombination rate. Hence,
where ζ 2 is the ionization rate of molecular hydrogen (Glassgold & Langer 1974) , ζ p is the primary cosmic ray ionization rate (assumed to be 2 × 10 −16 s −1 unless otherwise noted), L is the path length, f 2 is the molecular hydrogen fraction, and n e and n H are the electron and hydrogen densities, respectively. In the diffuse ISM, f 2 has been inferred to be between ∼0.2 and 0.75 (Indriolo et al. 2007 , and references therein), so we assume a value of 0.67 unless otherwise noted. We adopt the value of n e / n H = 1.4 × 10 −4 found by Cardelli et al. (1996) . k e is given by McCall et al. 2004 ). Following Indriolo et al. (2007) , in our analysis we assume T e = T H = 60 K rather than the ∼30 K excitation temperatures derived for H + 3 as discussed above. Assuming T e = 30 K would increase k e by ∼40%.
Some of our lines of sight sample the dense ISM. In the dense ISM, the destruction of H + 3 is dominated by reactions with CO. Hence,
where k CO is the CO recombination rate, assumed to be 2 × 10 −9 cm 3 s −1 . The canonical ionization rate, ζ 2 , is 3 × 10 −17 s −1 . 2120.14 9.1 ± 1.5
4. RESULTS
MWC 1080
MWC 1080 is an intriguing young Herbig Ae/Be star in a cluster of forming stars that was first discovered by Merrill & Burwell (1949). The spectral type is B0e according to Cohen & Kuhi (1979) . Yoshida et al. (1992) assigned a much later spectral type of A0-A3 on the basis of optical spectroscopy. Estimates of the distance range from 2.2 kpc (Levreault 1985; Grankin et al. 1992 ) to 2.5 kpc (Cantó et al. 1984; Yoshida et al. 1992) . It is known to be an eclipsing binary with a short (2.8869 day) period (Grankin et al. 1992; Schevchenko et al. 1994 ) and a circumbinary disk with a mass of ∼0.003 M (Fuente et al. 2003) . The visual extinction toward MWC 1080 is estimated to (Cohen & Kuhi 1979) or 4.4 mag (Yoshida et al. 1992) , depending on the assumed spectral type and distance. Polarization measurements indicate that most of the extinction is likely due to interstellar material, the remaining A V ∼ 1 mag arising from the circumstellar disk (Poetzel et al. 1992; Finkenzeller & Mundt 1984) . It is associated with an optical outflow (Poetzel et al. 1992 ) and a bipolar CO outflow (Yoshida et al. 1991; Fuente et al. 1998) . Recent BIMA observations show that the natal gas in the region is dispersing under the influence of MWC 1080 (Wang et al. 2008) .
CO Toward MWC 1080
Figure 1(a) shows a high-resolution M-band spectrum of MWC 1080. Strong absorption lines of 12 CO (1-0) and weak 12 CO (2-1) emission lines are present. The emission lines are attributed to hot CO gas in the inner circumstellar disk of MWC 1080 and further analysis of them is beyond the scope of this paper. The strong, broad emission lines near 2149 cm −1 and 2141 cm −1 are due to hydrogen Pf β and Hu , respectively. The CO absorption lines are rapidly disappearing by P6, indicating a low rotational temperature.
Can we determine where along the line of sight the CO absorption originates? If the density of gas toward MWC 1080 is very low, CO may not be thermalized and could be said to originate in the diffuse ISM. If the CO is located in the denser circumstellar material, then the CO lines should be thermalized. Assuming no contribution above J = 6 and optically thin lines, we find the total 12 CO column density, N(CO), to be ∼5.6 × 10 16 cm −2 . Under this assumption, however, the P1 and R1 lines do not give the same column density. Alternatively, from a curve-of-growth analysis, we find T rot ∼ 23 K and N(CO) ∼ 1.1 × 10 17 cm −2 . The CO column densities for the R1 and P1
lines agree for intrinsic Doppler widths between 3 and 4 km s −1 . The rotation analysis is linear and would seem to imply that the density of gas toward MWC 1080 is high enough for the CO to be thermalized, consistent with a location in a dense medium. Indeed, when we generate a best-fit synthetic spectrum using the model described in Section 3.1, shown in Figure 1(b) , the best fit is for a density of >10 5 cm −3 and T rot = 23 K, consistent with thermalized cold, dense material. Hence, we adopt a total CO column density of 1.1 × 10 17 cm −2 . Applying the Bohlin et al. (1978) if hydrogen is in molecular form) for ∼4.4 mag of visual extinction. With N(CO) = 1.1 × 10 17 cm −2 and f 2 ∼ 0.67, the CO/H 2 ratio is 3.9 × 10 −5 , somewhat less than the 1.5 × 10 −4 found for dense clouds (Kulesa & Black 2003) . However, the ionization rate can be expected to be higher, and thus the molecular hydrogen fraction lower, for material located in close proximity to an early-type star. This seems reasonable with moderately dense material being dispersed from the natal cloud by MWC 1080 (above).
The overall picture developing from the CO analysis is the presence of a small amount of hot CO in the disk around MWC 1080 with cold CO absorption from the dense, cold material out of which the cluster is forming. There appears to be very little diffuse interstellar material along the line of sight, consistent with the visual extinction toward MWC 1080.
H + 3 Toward MWC 1080
The presence of strong, cold CO absorption lines toward MWC 1080 implies interstellar material, since as discussed above, the CO absorption is not consistent with a disk origin. We found from the CO absorption lines a Doppler shift of −63 km s −1 on July 31, corresponding to a geocentric Doppler shift of the absorbing gas of −36 km s −1 on November 30 (see Table 1 ). These are consistent with the reported heliocentric Doppler shift of −39 km s −1 (Levreault 1988) , within a pixel of our estimated Doppler shift at the resolving power of our data. The fact that the 12 CO absorption lines are consistent with a very cold (∼23 K) temperature argues that any H + 3 formed in the same medium must populate the lowest levels, giving rise to the Q(1,0), R(1,1) u , and R(1,0) transitions. We searched for but did not detect the R(1,0), R(1,1) u and Q(1,0) lines of H + 3 toward MWC 1080, assuming the same heliocentric Doppler shift for H + 3 as found for the 12 CO absorption. The spectra are shown in Figure 2 , and the expected Doppler shifted positions are indicated. We determined a 3σ column density upper limit of 1.4 × 10 14 cm −2 . We can use this value and Equation (11) from Indriolo et al. (2007) to estimate the upper limit for the size of a diffuse cloud toward MWC 1080, which we find to be <6.8 pc, assuming a primary cosmic ray ionization rate of 2 × 10 −16 s −1 . Since the CO analysis points to an origin in the dispersing circumstellar envelope, we can also calculate the size of a cloud of dense material assuming k CO ∼ 2 × 10 −9 cm 3 s −1 . We find a 3σ upper limit of 0.4 pc. We note that this could be a conservative estimate since close proximity to a B0 star would increase the ionization rate of H 2 , decreasing the path length. The amount of dense material in the dispersing nebular material around MWC 1080 is too small to give rise to a significant column of H + 3 , consistent with our non-detection.
MWC 349
MWC 349A is an unusual B[e] star that displays characteristics of both a young stellar object and an evolved object. It is the brightest radio continuum star in the sky at 6 cm (Tafoya et al. 2004) , is located in the direction of the Cyg OB2 association, and may have a binary companion, a B0 III star, located 2. 4 away (Merrill et al. 1932; Cohen et al. 1985) . Radio continuum observations by Tafoya et al. (2004) support a connection between MWC 349A and MWC349B, implying that MWC 349A is an evolved B star as well. On the other hand, Meyer et al. (2002) argue that the arc of radio emission that apparently connects MWC 349A with nearby MWC 349B could be due to the complex background structure in that region. They suggest that MWC 349A is a young object and that the evolved MWC 349B is more distant and not associated with MWC 349A. Hofmann et al. (2002) argue that MWC 349A is a B[e] supergiant, similar to the evolved B[e] stars in the Magellanic Clouds, based on the spectral energy distribution, the lack of a 9.7 μm silicate feature, the existence of a fossil shell surrounding the system, and the emission line profiles. They argue that it is a member of the Cyg OB2 association at a distance of 1.7 kpc, though Cohen et al. (1985) estimated a distance of 1.2 kpc, which would preclude it being a member of the Cyg OB2 association.
CO Toward MWC 349A
We observed MWC 349A at the M band to study the fundamental CO lines (see Table 3 ). We detected CO gas in absorption only. As can be seen in Figure 3(a) , the lowest J = 0-1 lines are quite strong, but the J = 2 and J = 3 lines are not observed, indicating that the gas is extremely cold, similar to the spectrum for Cyg OB2 No. 12 (McCall et al. 1998 ). If we assume that the CO is optically thin, we find T rot ∼ 5 K and N(CO) = (9.6 ± 2.7) × 10 15 cm −2 . This temperature is far too cold to be due to material in the disk, which is found to have a very warm temperature (Harvey et al. 1979) . Such a cold T rot in a diffuse cloud likely indicates that the CO has not been thermalized.
In Figure 3 (b), we show the tellurically corrected residual. Overplotted is the synthetic spectrum derived using the model described in Section 3.1 with n H = 250 cm −3 and T H = 60 K, a typical hydrogen density and temperature in diffuse clouds. This model reproduces the CO absorption spectrum observed toward MWC 349, though we note that an equally good fit can be found with a higher density and lower hydrogen temperature (n H = 900 cm −3 and T H = 23 K). Given the interstellar A V of 8.9 mag, we estimate N H ∼ 1.7 × 10 22 cm −2 , resulting in N(CO)/N H ∼ 6 × 10 −7 , consistent with diffuse interstellar material subjected to ionizing radiation (van Dishoeck & Black 1988) . Hence, we conclude that the CO absorption we detected originates in diffuse interstellar material.
H
As shown in Figure 4 , we detected the R(1,1) u and R(1,0) doublet and the Q(1,0) transitions of H + 3 in absorption toward MWC 349A. The line equivalent widths and resulting column densities are shown in Table 5 . We found N(H + 3 ) = (3.9 ± 1.3) × 10 14 . The ortho-to-para ratio (0.3235) results in a T ex ∼ 22 ± 5 K, consistent with a cold, diffuse interstellar origin, much like the CO. This temperature agrees within uncertainty with the 27 K found by McCall et al. (2002) toward Cyg OB2 No. 12.
We can infer the size of the cloud from which the H + 3 absorption originates. Using Equation (1), assuming n e /n H = MWC 349 Q(1,0) 2.44 ± 0.3 0 .91 ± 0.11 R(1,1) u 5.3 ± 0.8 3 .0 ± 0.5 R (1,0) 3.9 ± 0.8 1 .3 ± 0.3 Total 3.9 ± 1.3 Brittain et al. (2004) , based on an average of two dates.
1.4 × 10 −4 in diffuse clouds (Cardelli et al. 1996) , we estimate that a diffuse cloud with a path length of approximately 19 pc, with n H ∼ 290 cm −3 , is needed to explain the H + 3 absorption. These values are similar to many other lines of sight through the diffuse ISM and in particular are similar to those found toward the Cyg OB association (Indriolo et al. 2007 ), consistent with MWC 349's location.
LkHα 101
LkHα 101 is a Herbig Be star, the illuminating source of the NGC 1579 reflection nebula (Herbig 1971) . Herbig et al. (2004) inferred a distance of 700 pc to LkHα 101, based on spectroscopic parallaxes for 40 nebulous stars conjectured to lie within the same dark cloud. Visual extinction measurements range from 9.7 to 15.8 mag (Thompson et al. 1976; McGregor et al. 1984; Rudy et al. 1991; Kelly et al. 1994; Herbig et al. 2004) . In this paper, we assume that A V ∼ 10, as reported by Herbig et al. (2004) . Several other B stars, also located in NGC 1579, have measured visual extinctions of 3.5 mag. Those stars and LkHα 101 exhibit diffuse interstellar band (DIB) and interstellar Na I absorption lines in their spectra. The equivalent widths agree toward all sources, including LkHα 101, and are consistent with the 3.5 mag of visual extinction.
However, because of the dense lane of material in front of LkHα 101, it is reasonable to assume that the line of sight extinction is composed of 3.5 mag of the diffuse interstellar material and 6-7 mag of A V due to the dense lane of material in front of this source (Herbig et al. 2004 ). This dense material cannot be closer than ∼20 pc to LkHα 101 or fluorescent H 2 emission should be detected (Brittain et al. 2004) . Since the DIB and interstellar Na I features toward LkHα 101 agree with those toward the other objects in NGC 1579, the dense material must be depleted in these carriers. Below, we discuss how our CO and H + 3 observations fit with this characterization of the material along the line of sight to LkHα 101.
CO Toward LkHα 101
The fundamental branches of 12 CO and 13 CO, as well as the overtone 12 CO lines, were observed toward LkHα 101 (see , which would seem to imply that the two molecules originate in the same cloud. However, this is not necessarily the case since the interstellar absorption lines, such as DIBs, toward NGC 1579 also exhibit nearly the same Doppler shift (see Section 4.3; Herbig et al. 2004) .
We find that neither the 12 CO nor the 13 CO fundamental branches are optically thin. We note, for example, that the column densities of the weaker 13 CO P-branch lines are larger than those of the R-branch lines, even though the transitions in both branches probe the same rotational state and should yield identical column densities. Similarly, the fundamental 12 CO transitions do not yield the same column densities as their overtone counterparts at 2.3 μm. The curve-of-growth analysis resulted in a best-fit Doppler parameter of b = σ rms /1.665 = 0.7 ± 0.1 km s −1 . This gives the observed 12 CO fundamental band P-branch transitions opacities of τ 100 and R-branch overtone transitions τ ∼ 0.5-1, so the 12 CO column density is (2.3 ± 0.2) × 10 18 cm −2 . By applying the best-fit Doppler parameter to the 13 CO data, we calculate the line opacities to be τ = 1-4 and yield N( 13 CO) = (3.0 ± 0.4) × 10 16 cm −2 . The resulting 12 CO/ 13 CO abundance ratio becomes 75 ± 10, comparable to existing millimeter-wave measurements and far less indicative of significant fractionation than suggested by Goto et al. (2003) . Applying the collisional model discussed in Section 3.1, we find that a density 5 × 10 6 cm −3 and rotational temperature of 67 ± 1 K is needed to fit the CO absorption lines. The resulting model plotted over the ratioed LkHα 101 spectrum is shown in Figure 7 . The CO analysis therefore implies that most of the extinction along the line of sight is due to dense material. Brittain et al. (2004) ran a suite of cloud models that calculated the abundances of important species like H, H 2 , C + , C, and CO as a function of depth into a cloud (see their Figure 5 ). These models can account for all of the observed CO seen toward LkHα 101 within A V ∼ 11.
However, if there is enough diffuse material along the line of sight to LkHα 101 to provide 3.5 mag of visual extinction, we estimate that the overall CO column density contributed by this material should be approximately 2 × 10 14 to 2 × 10 16 cm −2 , depending on the assumed CO/H 2 ratio, or up to 1% of the overall CO. The interstellar DIBs and Na I observed toward NGC 1579 have the same heliocentric Doppler shift as the CO (Herbig et al. 2004; Knappe et al. 1976; Mitchell et al. 1990 ), so we would not be able to resolve this CO component in our NIRSPEC observations. Hence, we conclude that such a small contribution of CO would be well hidden in our highly saturated CO absorption lines, and the CO analysis does not preclude a contribution from a modest diffuse interstellar cloud toward LkHα 101. toward LkHα 101 and found a total column density of (2.2 ± 0.3) × 10 14 cm −2 and a T ex = 23 ± 8 (see Table 5 ). Can we determine where the H absorption arose from the intervening dense material. However, their interpretation depended on an early value for the primary cosmic ray ionization rate of ∼ 2 × 10 −17 s −1 . Recent work has revised the cosmic ray ionization rate in diffuse clouds, making it an order of magnitude higher. This revised value of ∼2 × 10 −16 s −1 (Indriolo et al. 2007 ) may substantially impact the interpretation of H + 3 toward LkHα 101. Using Equation (1) and solving for L using the earlier cosmic ray ionization rate would imply >100 pc of diffuse cloud material along the line of sight to LkHα 101, an unreasonable amount given the constraints on extinction due to diffuse cloud material toward LkHα 101. Using the revised value in Indriolo et al. (2007) would require a diffuse cloud ∼11 pc across, which is much more reasonable. If we assume such a cloud were responsible for 3.5 mag of interstellar extinction, we derive an overall n H of 200 cm −3 , consistent with the diffuse cloud densities found by Indriolo et al. (2007) . Hence, the observed Doppler shift, H + 3 column density, and the derived hydrogen density, and path length are consistent with enough diffuse material to provide the 3.5 mag of extinction inferred by Herbig et al. (2004) .
H
Can we eliminate a dark cloud origin? The dark lane of material obscuring LkHα 101 provides 6-7 mag of visual extinction, which would imply a molecular hydrogen column density of ∼6.7 × 10 21 cm −3 . This is consistent with the CO column density of 2. 
CONCLUSION
We present results from high-resolution, near-infrared NIR-SPEC observations of the fundamental rovibrational CO band from three early-type young stars: MWC 1080, MWC 349, and LkHα 101. We also searched for H + 3 R(1,0), R(1,1) u and Q(1,0) absorption toward MWC 1080 and MWC 349 and revisited the issue of H + 3 toward LkHα 101 as reported earlier (Brittain et al. 2004) .
For MWC 1080, our upper limit on the H + 3 column density implies a minimal amount of diffuse material along the line of sight. This is further supported by the low overall visual extinction (Cohen & Kuhi 1979; Yoshida et al. 1992 , A V ∼ 4-5). However, we did detect CO in absorption, and our analysis is consistent with the CO located in dense material in the dispersing natal cloud surrounding MWC 1080.
For MWC 349 (A V = 8.9) and LkHα 101 (A V ∼ 9-15), we detected H + 3 in absorption. Our analysis is consistent with H + 3 originating in diffuse material along the lines of sight toward both objects. This result is consistent with the results from Indriolo et al. (2007) , where they studied H + 3 absorption toward 29 lines of sight through diffuse clouds. In general, H + 3 was detected for any source with A V > 5. For sources with A V < 5, some exhibited substantial column densities of H + 3 and others did not. CO was detected in absorption toward MWC 349 as well. We found that the H + 3 and CO had the same heliocentric Doppler shift. This suggests that both molecules are located in the same line of sight cloud. The CO was found to not be thermalized so the CO rotational temperature and H + 3 excitation temperature do not agree. However, the data are consistent with both CO and H + 3 located in a diffuse cloud with a path length of ∼19 pc. The line of sight toward LkHα 101 is more complex and probably consists of both diffuse and dense interstellar material. The nearby stars in the same cluster typically have 3.5 mag of visual extinction that result from diffuse interstellar material (Herbig et al. 2004 ). However, the total extinction toward LkHα 101 has been shown to be nearly 10 mag with the additional 6-7 mag of extinction due to a dark lane of dense cloud material in the foreground. This is in line with our analysis of the CO absorption spectrum, which implies higher density than can be accounted for by diffuse material. The CO results provide a rotational temperature of 67 ± 1 K for gas in the dark lane, somewhat warmer than typical dense interstellar clouds. The observed column density of material in the diffuse interstellar material is not sufficient to produce much of a contribution to the observed CO. In this analysis, in contrast to reported fractionization from Goto et al. (2003) , it was also shown that the 12 CO/ 13 CO ratio is 75 ± 10 which is consistent with current millimeter observations as well as solar system values.
While the bulk of the CO can be shown to reside in the dense material toward LkHα 101, the origin of H + 3 absorption could result from either the diffuse interstellar material or the dark lane. When using the revised diffuse ISM cosmic ray ionization rate found by Indriolo et al. (2007) , we can account for the observed H + 3 originating within a diffuse cloud of path length ∼11 pc. To resolve this issue will require searching for H + 3 toward the other cluster objects which have better constrained visual extinctions than LkHα 101 and which are not obscured by the dark lane.
